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[57] ABSTRACT 
A reliable mechanical and electrical connection is 
formed between a slotted rivet and an insulated ground 
wire using a minimum number of manual steps. The 
slotted rivet head has two spaced, opposed, semi-frus 
toconical sections that de?ne a slot between them. The 
slotted rivet is placed and properly aligned in a coil 
frame, and the ground wires are placed into the slot. 
The rivet head is then deformed by an orbital riveter to 
capture a portion of the insulated wire within the rivet , 
head. A resistive welder engages the rivet head to va 
porize the insulation from the captured wire portion 
without touching the wire. The resulting terminal as 
sembly has a unique design in which the deformed rivet 
head is substantially ?at. 

12 Claims, 18 Drawing Sheets 

23o 



US. Patent De>c. 14,1993 Sheet 1 of 18 5,269,713 

null’ | lllllllt _ ' .., 

b ILLL! l ‘W I l l lllll 

l 

L—"1 
6 Hill] I ‘,1 II 'I l I l IIHI] 

m1 :- .5 ll 1 m 



US. Patent Dec. 14, 1993 Sheet 2 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 3 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 4 of 18 5,269,713 



U.S. Patent Dec. 14, 1993 ‘ Sheet 5 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 6 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 7 of 18 5,269,713 

I 

\' I 

‘.3.’ I". 
, . 

I b I" 

= _____ 



US. Patent Dec. 14, 1993 Sheet 8 of 18 5,269,713 

d 
Ill" I'll / 
\ \\\\\\\\\\\\\\\\\Y 



' US. Patent Dec.‘14, 1993 Sheet 9 of 18 5,269,713 



US. Patent _ Dec. 14, 1993 Sheet 10 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 11 of 18 5,269,713 



U.S. Patent Dec. 14, 1993 Sheet 12 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 13' of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 14 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 15 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 16 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 17 of 18 5,269,713 



US. Patent Dec. 14, 1993 Sheet 18 of 18 5,269,713 

FIG. 49 

FIG. 47 m0 

242 '0 

WIIII IIIIIII 



1 

METHOD OF FORMING AN ELECTRICAL 
CONNECTION, AND TERMINAL FORMED 

THEREBY 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
forming an electrical connection. More particularly, 
this invention relates to a method and apparatus for 
connecting engine coil wires to an engine frame compo 
nent. 

‘Many methods are known for connecting wires to 
terminals, and particularly to ground terminals. In a 
typical prior art method, a ring terminal is placed on the 
end of the ground wire and is positioned over an aper 
ture in a frame structure. A metal screw is then used to 
connect the ring terminal to the frame. This process is 
time-consuming and very labor-intensive, thereby re 
sulting in a very high cost. When many thousands of 
electrical connections must be made, the cost becomes 
exceedingly high. 
Some prior art methods for connecting wires to 

ground terminals make the electrical connection be 
tween the wire and the terminal using a soldering or 
welding tool. In these prior art methods, the insulation 
must typically be removed from the wire to make a 
good electrical connection. The removal of the insula 
tion is generally done manually, further increasing the 
number of steps in the method and thus the cost of the 
end product. 
To avoid the need for removing the insulation, other 

methods apply the welding tool electrode directly to 
the insulated wire to vaporize the insulation. These 
methods are unsatisfactory, however, because the metal 
wire becomes so hot that it tends to harden and become 
brittle. The useful life of the electrical connection may 
be reduced. 

Therefore, it is desirable to provide a method for 
making a reliable mechanical and electrical connection 
between a wire and its terminal using a minimum num 
ber of manual steps. 

SUMMARY OF THE INVENTION 

A low cost method is disclosed for making reliable 
mechanical and electrical connections between a wire 
and a terminal. Although the method may be used to 
make a variety of electrical connections, it is particu 
larly suitable for making connections between a coil 
ground wire and a frame component of an internal com 
bustion engine. 

In a preferred embodiment, the method includes the 
steps of: 

l) placing an attachment member such as a slotted 
rivet in an aperture in the frame structure, the attach 
ment member having a slot in its head; 

2) straightening the insulated ground wires and then 
pre-bending them to a particular position; 

3) positioning the insulated wires in the slotting head 
of the attachment member; 

4) pressing the wires in the slot by repeatedly rubbing 
them; 

5) deforming the slotted head of the attachment mem 
ber by applying a spinning peen of a spin or orbital 
riveter under pressure, thereby capturing a portion of 
the insulated wires in the slot; 

6) applying a heating tool such as a resistive welder to 
the deformed attachment member head without the 
heating tool touching the captured wire portions, 
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2 
thereby vaporizing at least some of the insulation from 
the captured wire portions; 

7) inducing a magnetic ?eld in the frame structure 
and measuring the output of the circuit to test the qual 
ity of the circuit as well as of the connections between 
the captured wire portions and the attachment member. 
The preferred method also includes other steps de 

scribed below which expedite the forming of the electri 
cal connections. 
The invention also includes a unique slotted rivet 

design and a unique electrical terminal assembly formed 
using the slotted rivet and the method described herein. 
The unique slotted rivet terminal connector includes 

an elongated, substantially cylindrical shank portion 
having an upper end and a substantially cylindrical head 
formed integral with the upper end of the shank por 
tion. The head is preferably normal to the longitudinal 
axis of the shank portion. The head includes a base 
portion having a width greater than the width of the 
shank portion, and a pair of spaced, opposed, semi-frus 
toconical sections protruding from the base portion in a 
direction away from the shank portion. The spaced 
semi-frustoconical sections de?ne the slot discussed 
above. 
When the unique electrical terminal connector is used 

in the method according to‘ the present invention, a 
unique solderless, electrical terminal assembly is 
achieved that is superior to prior art terminal assem 
blies. 
The terminal assembly according to the present in 

vention includes the terminal connector described 
above except that the head now has a substantially flat 
upper surface since the semi-frustoconical sections have 
been deformed by a riveting tool to yield a substantially 
?at surface. The terminal assembly also includes at least 
one wire having an uninsulated wire section disposed 
within the base portion and beneath the upper surface of 
the base. On both sides of the base portion are insulated 
wire sections, so that the wire includes a first insulated 
section, an uninsulated section disposed within the base 
portion, and then another insulated section disposed on 
the opposite side of the base portion from the ?rst insu 
lated section. 

It is a feature and advantage of the present invention 
to provide an inexpensive, automated process for con 
necting wires to a ground terminal. 

It is another feature and advantage of the present 
invention to provide a reliable method for making me 
chanical and electrical connections between a wire and 
a ground terminal. 

It is another feature and advantage of the present 
invention to minimize the number of manual steps re 
quired in forming a connection between a ground wire 
and a ground terminal. 
These and other features and advantages of the pres 

ent invention will be apparent to those skilled in the art 
from the following description of the preferred embodi 
ments and the attached drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the indexing machine used in 
the method according to the present invention depict 
ing all of the stations of the indexing machine. 
FIG. 2 is a diagrammatical side view of the indexing 

machine depicting the different machine platforms a-c 
on which many of the stations are disposed. 














